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JOHN SMITH RAWORTH, OF LONDON, ENGLAND.
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 STEAM-ENGINE.
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SPECIFICATION forming part of Letters Patent INo. 584,704, dated June 15, 1897.

Application filed September 23,1895, _Serilal'_ No. 563,374.': (No .mdldell.) Patented in Spﬁ_in Ja-nfia,ry 2,1895,No,18,152; in Eng-

land March 1, 1896, No. 4,442, and July 9, 1895, No, 24,761 in France July 9, 1895, No. 248,768 in Belgium July 22,
1895, No. 116,665 in Grermany August 11, 1895, No. 86,408 ; in Switzerland September 6, 1895, No. 11,163; in Hungary
October 27, 1895, No, 4,023 ; in Austria November 30, 1895, No. 4,671} in New Zealand December 10, 1895, No. 8,137
in Victoria December 11, 1895, No. 12,732 in Queensland December 12, 1895, No. 3,207 ; in West Ausfralia December 12,
1899, No, 787 in New South Wales December 14, 1895, No. 6,270, and in Ttaly December 31, 1895, LXXIX, 219,
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Do all whom it may concern: |

| | rod, but are single-acting in each cylinder—-
- Be itknown that I, JoHN SMITH RAWORTH, | that is to say, the high-pressure steam acts

- a subject of the Queen of Great Britain and | upon the under side of the high-pressure pis- 5o
Ireland, residing at Streatham, London, in | ton and the expanded steam acts upon the

5 thecountyof Surrey, England, have invented | upperside of the low-pressure piston in a ver-
Improvements in Steam - Engines, of which | ticalengine and upon the corresponding sides
the following is a specification, and for which | in a horizontal engine.” = -
patents have been granted in other countries In the accompanying drawings, Figure 1 sg

~ as follows: Great Britain, No. 4,442, dated | shows, partly in vertical section on the line
10 March 1, 1895, and No. 24,751, dated July 9, | A B of Fig. 2 and partly in elevation, a com-
1895; France, No. 248,768, dated July 9, 1895; | pound vertical steam - engine constructed
Belgium, No. 116,655, dated July 22, 1895: according. to this invention. Fig. 2 shows
Austria, No. 4,571, dated November 30, 1895; | the engine in elevation, and Ifig. 8 is a sec- 6o
Hungary, No. 4,023, dated October 27, 1895; | tional view at right angles to Fig. 1. Figs.

15 Germany, No. 86,408, dated August 11, 1895; | 4 and 5 are sections through the valve-box

- Switzerland, No. 11,163, dated September 6, on the lines O D and K F, respectively, of

1895; Spain, No. 18,152, dated January 2, Fig. 3, thé valves and their driving mechan--

- 1895; Victoria, No. 12,732, dated December | ism being omitted. Iigs. 6 to 10, inclusive, 65

11, 1895; Queensland, No. 3,207, dated De- | are vertical sections 1llustrating cylinders

20 cember 12, 1895; New Zealand, No. 8,137, | and valve arrangements according to this in-
dated December 10, 1895; West Australia, | vention for engines of various types.. |

No. 787, dated December 12,1895; New South | Referring to Ifigs. 1, 2, and -3, the higk-
Wales, No. 6,270, dated December 14, 1895, | pressure steam enters through the end of the 7o

- and in Italy, Reg. Att.,Vol. LXXIX, No. 219, | valve-chamber d from the branch d’ and is-
23 dated December 31, 1895. R admitted at suitable intervals by the valve g,

- My invention has reference to improve- | vibrating on its axis, through the short di-
ments in steam-engines in which two or more | rect port d’ to the high-pressure cylinder a, .
cylinders are used in tandem. According | which is surrounded by a live-steam jacket 75 |

- thereto the cylinders are placed one above | '. When the high-pressure piston arrives
30 the other or one in frontof the other, accord- | at the top of its stroke, it passes a ring of

Ing as the engine is vertical or horizontal, | port-holes a3, by means of which equilibrinm
and the valves are placed between the adja- | is established between the steam-pressures in

- ceni ends of the cylinders—that is to say,in | the cylinder ¢ and the receiver [, which is in 8z

~ compound engines the valves would be placed | communication by means of the ports (' I’ with

35 between the high-pressure and low-pressure | a chamber or pocket 2, formed in a partition
~cylinders, and in the case of a triple-expan- | or valve-box arranged between the adjacent,
sion engine they would be placed between the | inner ends of the cylinders, and in which the
adjacent ends of the several cylinders. By | valve-chambersd and e are also formed, Figs. 85
this means the clearances in the ports and | 1,3, 4, and 5. The high-pressure piston hav-

40 passages are reduced to a minimum. I pre- | ing now arrived, as described, at the top of
fer to use valves of the well-known Corliss | its stroke and the high-pressure steam-port
type, but similar results can be obtained with | d’ having been previously closed,the low-pres-

more or less efficiency with other forms of | sure oscillating valve & will have commenced oo

valves, - R | | to open a passage through valve-chamber ¢
45  Compound engines constructed in accord- | and short direet ports ¢ ¢* between the high-

ance with my invention are double-acting as | pressure cylinder ¢ and the low-pressure cyl-

-regards the forces transmitted by theé piston-

inder b, and also to open passages through
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the said valve-chamber e and the ports {3, ¢
and e¢®* between the receiver and the inner
end of each c¢ylinder, and each of these pas-
sages will remain open until the point of cut-
say one-half to three-quarters
of the stroke, when the passage ¢° to the low-
pressure cylinder will be closed and the steam
remalning in the high-pressare c¢ylinder will
pass into the receiver! [? through the ports 2,
Kigs. 4 and 5, which remain open to the high-
pressure cylinder until the valve /i closes for
COmMpression. .

The low-pressure piston n on arriving at
the bottom of its stroke passesaring of port-
holes 4, which allow the water and steam o
pass out into the exhaust- chamber /, from
which an outlet is provided at<’. On the up
or return stroke of the low- -pressure piston n
an outlet for the steam remaining above the
piston is provided through the pipe 2 by the
exhaust-cavity of the valve . covering the
two ports e e?.

The valves g and /v are driven by levers
fixed to the ends of their spindles, from ec-
centrics and rods, as shown in the drawings,
or by any other well-known method suitable
for the size and speed of the engine.

The method of governing shown in Figs. 2
and 3 is by means of a centrifugal governor

carried by the crank-shaft and mrann‘ed to

vary the throw of the eccentric used for driv-
ing the valve ¢, but an ordinary throttle-
valve acting upon the steam-inlet may be
used, if required. .

During the downstroke of the high-pres-
sure piston steam from the receiver / obtains
access to the top side of the piston m.. In
non- eondensmﬂ' engines this eommumcatlon
may be eonstant thlouﬁ'h holes in the cover
at, but in condensing-engines it is better to
malke it intermittent thlouﬂ‘h the port-holes
a’, as shown.

The steam-jacket ' is supplied with live

steam through a small port a?, communicat-
ing with the valve-chamber CZ and the con-

densed water is collected at each stroke in a

small pocket in the low-pressure valve A, be-
ing fed thereto by a similar port to «¢* and
by the motion of the valve carried round and

discharged through a small port leading into

the exlmust czwny e’.  These ports :zmd the
corresponding pocketin the valve are merely
drilled holes and are too small to be visible
in the drawings. A relief-valve I* is placed
in the head of the low-pressure cylinder to
discharge water or excessive steam-pressure
to the receiver [ [

The cylinders are carried on a hollow trun-
cated conical frame 7, which for small engines
may be cast in one piece,.but for large en-
gines may be built up in any convenient and
suitablé manner. This frame, which is pro-
vided with large openings for examination
and repair of the engine, is closed in by a
sheet-metal apron ¢, which retains the oil and
returns it to the crank- chamber z, which

, | forms part of the base-plate upon which the

engine 18 bulilt.

The crank-shaft bearings, which are of or-
dinary construction, are held down by wedge-
pieces v v' and tightening-serews 2% The
upper wedge-piece v’ slides in horizontal slots
cut in the sides of the bearing-seat. The lu-
brication is effected by a small pump which

I draws o1l from the crank-chamber and deliv-

ers it to the valve-spindle bearings and joints
at f, whence it descends by the hollow eccen-

trie-rods to the eccentrics and by small pipes
to the low-pressure gland s, and thence fo

the cross-head pin and guide.
Engines of various types, vertical, horizon-

tal, or inclined, can be constructed with cyl-
Indersarranged in tandem with valves placed
between them in the manner above set forth.

Figs. 6 to 10, inclusive, are vertical sec-

‘tions illustrating the cylinder and valve ar-
‘rangements of several constructions.

I'ig. 6 shows parts of a simple engine hav-

ing two single-acting high-pressure pistons

m m', to the inner ends of which steam is al-

_temately admitted from the valve-chamber
“d through short direct ports d’ d? by the cut-
oft valve g, the exhaust-valve & serving to

place each cylinder in turn In communica-

tion~with the exhaust-pipe 2 through the
valve-chamber e.
-of the cylinders a a' are closed, so that the
same fluid—for example, air—rémains con-
‘stantly therein, or they may
eommumcatmﬂ_ with the exhaust-pipe, as
‘shown on the 1'*10‘ht hand side of Fig.
-valve- chambers are formed in a p&l"tlbl()n ar-
-ranged between the inner ends of the cylin-
j-ders, as in the arrangement shown in Figs. 1
"to 5, inclusive, but there is no receiver in
this case.

In this case the ou tor ends

have open ends

9. The

I'ig. 7 shows parts of the arrangement 1*ep-

| vesented in Figs. 1 to 5, mcluswe, and is
placed here in juxtaposition to the othersfor
the purpose of facilitating comparison.

~ Fig. 8 shows parts of a compound engine
| eonsmtmn of two simple engines, of which the
left hand one has two lllﬂ‘h-*pl‘GSSU.le pistons
mm/,asin Fig. 6, and exhausts into the right-
‘hand one, which finally exhausts into the plpe'
1, the bwo high-pressure cylinders a a’ being
iqte&m-meketed and provided with receivers
LU, like the cylinder ¢ in Fig. 7, and the otiter
-, ends of the two low-pressure eylmders b b be-
‘ingin communication with the exhaust- plpe 2
;'_hke the outer end of the eylinder b in Tig.
In this arrangement while high - pressur e"
f_steam is being
-ing in cylmder , that which has already done
- duty in cylmder @ is pemntted by the valve
h of the high-pressure engine to pass partly
‘into the valve-chamber d of the low- -pressure

admlbted into and 18 expand-

engine and thence by valve g therein to the

j'ﬁlow pressure ¢ylinder b’ :a;nd partly to the re-
“celver ['of the cylinder ¢/, the steam that has
‘already done duty in cylmder b escaping past
‘the valve 7 of the low-pressure engine to the
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from the inner end of the hlﬂ]l -pressure cyl-
inder to the valve-chamber eonneeted with

exhaust 7'
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Similarly When hwh -pressure |
steam is ad mltted tothe cylinder ¢’ that which

‘has done duty in cylinder a passes partly to

the receiver / of that cylinder and partly to
the cylinder b, while that in cylinder 0’ mll

be passing to the exhaust 4.

Fig. 9 shows parts of a triple- expausmn en-

‘gine composed of a compound engine con-

structed and operating like that shown in Kigs
1 to 5, inclusive, exhausting into a simple en-

gine llke th&t shown at the ri f"—-'ht lmnd side Of
I‘l 3.

| 1*10-‘ 10 shows p.:w'ts of a quadruple -eXpan-
sion engine consisting of two compound en-
gines constructed and operating like that

Shown in Iigs. 1 to 5, inclusive, arranged in

~series, the several p1st0ns bem g of ﬂmdu‘ﬂl} -
inecreasing size. . o

-What T claim 18— : . |

1. A compound steam- -engine COlnpl"l&ll“lG
high and low pressure ¢ylin ders arranged tan-
demwme, an interposed partition, two inde-

pendent valve-chambers formed in said par-
tition, the one being in communication with | 8

a steam-supply and the other with an exhaust,
a short direct passage through said chI‘LItIOIl

the steam-supply and a short direct passage
from the inner end of each of said cylinders
to the other valve-chamberand in each valve-

chamber a valve, said valves being independ-

ent of each other and adapted the one to ad-
mit high-pressure steam into the high-pres-
sure ¢ylinder at its inner end and the other
toestablish communication at the proper time
between the high-pressure cylinder and the
low-pressure ¢y lmder and afterward between
the low- -pressure cylinder and the exhaust.

2. A compound steam-engine comprising
high and low pressure cylinders arranged
tandemmsej a recelver, communication be-—

tween the receiver and the outer end of the

high-pressurecylinder, a parmtmn interposed
between the two c¢ylinders, a valve-chamber

formed in said partition and which is in com-
‘munication with-the supply of high-pressure.
steam and with the inner end of the high-

pressure cylinder, a valve adapted to 00111:1*01
said communication, a second valve-chamber
also formed 1n said partition independently

~of the other and which has communications
‘between it and the inner end of the high-pres-

sure c¢ylinder, the inner end of the low-pres-
sure cylinder, the receiver, and the exhaust,
and an independent valve located in said last-
mentioned valve-chamber and adapted to, at
the proper time, place the inner end of the
high - pressure cylinder in communication
with the low-pressure cylinder and for a time

to place the inner ends of both these cylin-

ders in communication with the receiver and

subsequently to close the communication be-

tween the low-pressure cylinder and the re-
celver and to open communication between
the low-pressure cylinder and the exhaust.
- 3. Asteam-engine comprising two eylinders

said

arranged tandemwise, a partition arranged
between the adjacent ends of said cyhn-
ders and formed with independent cylindrical
valve-chambers having their axes at right

angles tothose of said ¢ylinders and with short

direct passages connecting the inner ends of
said ¢ylinders with said valve- chambers, 1n-

‘dependent oscillating ceylindrical steam and

exhaust valves loc&ted within said valve-
chambers and adapted to control the commu-

nication between the same and the adjacent
ends of the said cylinders, and means for op-
eratingsaid valves,substantially as herein de-
-%Cl‘lbed

4, In a steam -engine, two eylmders ar-

ranged tandemwise, a partition arranged be- -

tween and transversely to the adja.oent'endﬂ

of said cylinder and formed with independ-
‘ent cylindrical valve-chambers having their

axes ab right angles to those of said cylmdersj

sald partition from the inner end of each of

valve in each of said chambers, said valves
being independent of each other and adapted
the one to admit steam to the inner end of
each ¢ylinder alternately and the other to
place the inner end of each cylinder alter-
nately in communication with the exhaust.
5. A steam-engine comprising twocylinders

arranged tcmdelese a partition arranged
the &dJELCBIl'ﬂ)'.
ends of said cylinders and formed with inde--
pendent cylindrical steam and exhaust valve
chambers having their axes at right angles
| to those of said eylmders, mdepeudent_ cylin-

betweeu and .1ransverse1y to

drical cut-off and exhaust valves located in
said chambers, short direct passages connect-
ing each valve-chamber with the inner ends of
the two cylinders, and a passage connecting
the exhaust-valve chamber with an exhaust-
pipe, said passages being arranged to be con-
trolled by the eorrespondmﬂ* Valves substan-
tially as desecribed.

6. A compound smn*le actm st.eam-engine
comprising a high-pressure ylmder, a low-
pressure eyhnder a partition arranged be-
tween the adjacent ends of said eyhnders and

formed with separate cylindrical valve-cham-

bers one of which is connected with the in-
ner end of the high-pressure cylinder and

the other with the inner end of each cylin-

ylmders to each valve-chamber and a

/G

3o

one of said valvemhambers being in commu-
‘nication with the steam-supply and the other
-with an exhaust,short direct passages through

90
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der,anindependentcylindrical valve adapted

to control the passage of high-pressure steam.

from one valve-chamber to the inner end of
the high-pressure cylinder, an independent
cylindrical valve adapted to control the pas-

sage of steam from the inner end of the high-
pressure cylinder to the corresponding end_

of the low-pressure cylinder and from the
latter eylinder to the exhaust, and means for

125

130

oscillating said valves, substa ntm,lly as herein

d escrlbed

7. A compound smn*le acting engine com-

- prising a high-pressure cyhnder and a lows
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- & casing surrounding said high-pressure eyl-

20
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of said cylinders and formed with two inde-
pendent valve-chambers one of which com- |

der 0 arranged in tandem with said cylinder

4L | . 584,704

presSure c¢ylinder arranged tandemwise, a
partition located between the adjacent ends

municates through a short direct port with

the high-pressure cylinder and the other

- through short direct ports with both cylin- | ]
tandemwise with regard to said cylinder «
| and provided with a row of perforations b/,
-and a piston 7 connected to said piston m
“and to the crank-shaft of the engine, a valve-
‘box located between the adjacent ends of
'sald cylinders and provided with steam-
chambers d and e, pockets [? and steam-ports -
ot dy e, e e8I, and €%, and a relief-valve
I*, and oscillating valve ¢ arranged in cham-
-ber d and adapted to contrel port d’, an os-

ders, independent cylindrical valves located
within said chambers and arranged to con-
trol said ports and a receiver formed partly
by a chamber in said partition and partly by

inder, said receiver being adapted to com-
municate with the outer end of the high-
pressure cylinder through holes in the wall
thereof and with the inner end of each cylin-
der through ports controlled by one of said
valves, substantially as herein described for
the purpose specified.

- 8. A steam-engine comprising a high-pres-
sure cylinder ¢ having ports ¢® in the outer
end portion of its wall, a low-pressure eylin-

¢ and formed with exit-ports 4’ near its outer
end, eonnected pistons working in said cyl-
inders, a partition arranged between said
cylinders and formed with cylindrical valve-
chambers ¢ and e, ports d', ¢, €%, ¢® and b3,

exhaust-cavity ¢’ and pockets 0? a receiver / |
-name to this specification in the presence of
two subseribing witnesses.,

surrounding said high-pressure cylinder and
in communication with said ports ¢® and with:

sald pockets, a ecylindrical high - pressure |
valve g controlling said port d’, a eylindrical |
low-pressure valve h controlling said ports |
¢, €% ¢° and b® means for oscillating each of

said valves, and an exhaust-pipe communi- |

cating with said exhaust-cavity % and._ports

0, substantially as described for the purpose
Spectfied.

9. A single-acting compound steam-engine
comprising a high-pressure eylinder ¢ having
a steam-jacket o', perforations a? and pis-
ton m, a low-pressure cylinder b arranged

cillating valve h arranged in chamber ¢ and

‘adapted to control ports e, €?, €3, and I3,
-means for operating said valves, a steam-re-
‘ceiver [ surrounding said high-pressure cyl-
inderand communicating with said pockets [*
‘by ports !, an exhaust-chamber % into which
the perforated lower or outer end of said cyl-
inder b extends, and an exhaust-pipe zin com-
‘munication with said port ¢® and chamber
.k, all substantially as herein deseribed for
-the purpese specified.

In testimony whereof T have signed my

JOHN SMITH RAWORTIL.
Witnesses: = |
EDMUND S. SNEWIN,
WM. O. BROWN.
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